The article by Neal M. Alto PhD, et al in the April 13, 2020 issue of Nature Microbiology describes how macrophages protect mucosal epithelial cells from listeria monocytogenes infection by a mechanism that makes epithelial cell surface cholesterol inaccessible [@b0005].

That observation leads one to wonder if a similar effect protects against SARS-CoV-2 infection.

Epithelial cell plasma membrane lipid raft physiology is central to the infectivity of SARS-CoV-2 since the ACE2 receptor for SARS-CoV-2 is part of the lipid raft.

A lipid raft is a plasma membrane domain that has a sphingolipid hydrophobic component, cholesterol, glycosyl-phosphatidyl inositol (GPI) -- anchored proteins, other glycolipids, and a specific set of associated proteins, often cell receptors and transduction proteins.

SARS-CoV-2 enters a cell by binding its viral spike protein to the lipid raft ACE2 receptor. But to achieve cell entry, the spike protein also needs to bind its N terminal domain to the sialic acids bound to gangliosides sitting on the lipid raft of which ACE2 is a protein component [@b0010], [@b0015].

Hydroxychlorquine and chloroquine have been shown to decrease binding of SARS-CoV-2 to the sialic acids bound to the gangliosides of the lipid raft [@b0015].

Several studies have shown that depleting the plasma membrane lipid raft of the cholesterol component will prevent coronavirus cell entry despite normal virus binding. This has been shown for SARS-Co-V, canine coronavirus, murine coronavirus, porcine rotavirus, and other viruses that enter the cell using the lipid raft gateway [@b0020], [@b0025], [@b0030].

The in vitro studies of lipid raft cholesterol depletion have been done using methyl-beta cyclodextrin (MBCD) to deplete lipid raft cholesterol. In vivo, a candidate drug class that depletes cellular and plasma membrane cholesterol is the HMG CoA reductase inhibiter class known as the statins.

I submit that the statins might cause enough lipid raft cholesterol depletion to decrease SARS-CoV-2 viral entry and infectivity.

An alternative cholesterol lowering drug class, the PCSK9 inhibitors, are known to work by increasing LDL particle uptake by increasing LDL receptor survival. Increased LDL particle uptake with presumably increased lipid raft cholesterol, is the same strategy that dengue fever virus uses to gain entry into huh-7 cells when it binds to lipid rafts [@b0035]. Therefore, PCSK9 inhibitors would be virus infectivity enhancers.

It is interesting that the SARS-CoV-2 fatality rate correlates with cholesterol levels. It has a low fatality rate in children, who naturally have lower cholesterol levels. It has higher fatality in men, diabetics, the obese, the elderly, and the hypertensive, all of whom tend to have higher cholesterol levels. The lower SARS-CoV-2 fatality rate in Asia may be explained in part by lower obesity rates resulting in lower lipid raft cholesterol levels. A higher fatality rate in Europe and Brazil, where the obesity rate is near equivalent to the USA, could be explained by higher lipid raft cholesterol levels.

The Nature online article of 4/30/20 "A SARS-CoV-2 protein interaction map reveals targets for drug repurposing" discussed 69 compounds, of which 29 were FDA approved drugs, that had SARS-CoV-2 human cell protein-protein interactions. Lovastatin was one of the drugs tested in kidney cell culture and it was successful in decreasing percent infection from 100% to about 30% at 10^−5^ M drug concentration [@b0040].

Many of the drug targets in the article have a final common pathway through Sigma receptors. Overexpression of Sigma 1 receptors increases lipid raft cholesterol content and alters glycosphingolipid components in lipid rafts suggesting that up-regulation of Sigma 1 receptors potentiate lipid raft action [@b0045].
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